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Following  is  t no  translation  of  an  article  Gy 
v.  F.  Chuoucnkov,  Institute  of  -vidomiology  ana 
...icrobiology  imoni  A.  F,  uamaloyu,  Uwo«,  j  0  ** 

lishou  in  the  hussian-languago  periodical  Bhurnal 
.•F:r ob iolo:  :i  .1 ,  hpldei niolo  il,  i  Immune  b iol & gi\ , 
TTournj’ii  nf  Microbiology,  hpidamioiogy,  and  immuno¬ 
biology)  bo  6,  1965,  pages  129-55.  it  was  sub¬ 
mitted  on  5  bun  1964.  7 


it  is  known  that  the  chemical  activity  or  cytosir.o  (on  some 
of  its  derivatives )  in  DWA  during  the  reaction  with  hydroxylamine 
differs  from  the  activity  of  this  base  in  froe  nucleotide  (Brown 
ana  no hell,  1961;  Freese  ana  associates,  1961;  and  others ) •  This 
difference  may  be  conditioned  by  two  causes:  first,  the  DBA  is 
a  negatively  charged  polymer,  and  secondly,  in  two-tnroad  Bn A  tne 
bases  arc  storicaily  fixed  by  means  of  the  formation  of  hydrogen 
bonds  between  the  pairs  of  bases  in  the  two  complementary  chains 
of  bun.  Therefore  any  specific  cytosine  base  will  react  with 
hydroxylamine  only  upon  disruption  of  the  entirety  of  the  hydrogen 
bonds.  It  is  necessary  to  noto  that  in  the  scheme  of  the  reaction 
of  hydroxylamine  with  cytosine  (Verwoord  and  associates,  1961) 
there  is  a  joining  of  the  socond  molecule  of  hydroxylamine  with 
tne  liberation  of  ammonia.  The  ease  with  which  this  reaction 
flows  should  be  determined  by  the  lability  of  the  amino  group  of 
cytosine  at  the  6th  carbon  atom,  which  by  means  of  hydrogen  is 
bound  with  guanine. 


It  is  known  that  boating  loads  to  breakdown  of  tne  hydrogen 
bonds  botwoen  the  two  chains  of  Dun.  Thus  at  a  tomporatu.ro  close 
to  85°  there  is  a  complete  splitting  of  threads  in  the  DBA  of  T-2 
bacteriophage.  Consequently  the  amount  of  oytosino  in  the  active 
state  should  increase  with  an  increase  of  temperature,  in  actual¬ 
ity  in  thymus  DIJA  a. considerable  increase  was  noted  in  tho  rate 
of  tne  reaction  of  hydroxylamine  with  cytosine  in  comparison  with 
tho  analogous  reaction  in  native  DBA.  By  itself  hydroxylamine 
did  not  oxort  any  noticeable  denaturing  offset  on  DBA,  ana  also 
did  not  influence  its  hyporohromic  effect  (Mures ova  anu  Dalganix, 
1964).  At  tho  same  time  the  matrix  activity  of  DBA  is  reduced 
moro  sharply  after  treatment  with  hydroxylamine  of  denatured  and 
not  native  DBA  (iielrnn,  1964).  It  is  interesting  to  note  that 
only  trout:, lent  of  donutured  (heated)  transforming  D..«  (nomopnilus) 
with  nitrous  aoid  made  it  possible  to  obtain  a  largo  number  of 
transformed  resistant  markers  to  5  various  antibiotics  (horn  and 
herriott,  1962). 
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In  tuo  wox'Ic  by  Preose  and  Ltrack  (1962)  it  way  .‘mown  Wit 
treatment  or  transforming  Dan  or  the  prototrophic  i’om  or  u.  sub¬ 
til  is  with  hydroxy  luilinc  at  a  tompernturo  of  60-90°  or  under 
other  conditions  v.-nich  disrupt  tho  completeness  of  tno  hydro;, or. 
bonds  (high  concentration  of  huCl  in  tho  solution,  glycol)  la 
ac CO:, ‘.pan led  by  considerable  intensification  or  cno  mutu0-..r.lc  ac¬ 
tivity  of  hydroxylai-U.no •  It  is  probable  tnat  tno  offoot  of  ino.-n- 
s*f ioation  saould  bo  different  in  tno  induction  of  .nutations  for 
various  organisms  or  in  some  specific  organism  on  diverse  genetic 
loci,  if  one  keeps  in  wind  the  possibility  of  tnoir  different 
-art iul  "protective  at  ility1'  from  mutagen  (Loveless,  1960).  ‘-’no 

different  ^ability  of  loci  my  be  determined  boon  by  their  various 
extent  on  tno  genetic  map  and  by  one ir  heterogeneity  on  pairs  of 
nitrogen  oases. 

-m  analysis,  conducted  by  r'roesc  and  6 track,  shows  that  nativ 
DM  isolated  from  microbes  possesses  a  lessor  capacity  to  react 
with  mutagen  than  Di.A  which  is  packed  in  the  head  of  a  phage  parti 
cle  (frequency  of  mutation  in  T-4  phage  was  greater  by  approximate 
1000  times  than  in  transforming  DM  of  :3.  subtil  is) .  ‘-'his  means 
tnat  specific  structures  in  phage  DM  are  more  accessible  for 
mutagen  than  in  DM  of  3.  subtil  Is* 


an  investigation  of  tno  reaction  of  hydroxylamine  with 


curing 

cytosine  in  nM  and  in  DLa  it  was  notod  (dchustor,  1061) 
tno  some,  time  of  incubation  tho  change  of  cytosino  in  id, 


tnat.  for 

more  significant  (hPA  is  partially  s  ingle -chain ) .  however,  also 
in  D  .A  specific  sectors  of  the  moloculu  are  denatured  even  at  26° 
and  intramolecular  dona tu ration  increases  with  an  increase  of  tem¬ 
perature  (Leer  and  Thomas,  1961;  uciduscnek,  1962;  i’rcifoluer  ana 
Davison,  1965). 


Stemming  froju  what  was  said  it  can  bo  expected  that  treatment 
of  extracellular  bacteriphago  T-2  with  nydroxylamino  at  increased 
temperature  should  load  to  an  .increase  in  tno  ra*.c  of  tho  reaction 
with  hydroxymethylcytosino  in  pnago  D.Lh  both  in  tao  initial  ana 
intermediate  phases  and  oauso  a  considerable  mutagenic  affect.  ..t 
t no  same  time  it  was  also  possible  to  oxpec 
tao  rate  of  mutation  would  ba  different  on 
W u  decided  to  cneclc  the  corroctnons  of  bot.k 
goal  an  analysis  was  made  of  induction  of  i 
low  in, 
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Figure  1,  Treatment  of  extracellular  T-2  phage  with  1  ..I  solution 
of  hydroxylamino  (+*1  II  haCl),  pH  6.0,  60°,  and  also  endurance  in 
acetate  buffer  (pH  15.0,  1  i.i  riaCl,  157°)  of  phage  aftor  short-tern 
treatment  with  liydroxylumine . 

1  -  Treatment  with  hydroxylamino  (pH  6.0,  60°);  2  -  endurance  at 
60°  of  untreated  phage  (control);  15  -  endurance  of  treated  phage 
in  acetate  buffer;  4  -  endurance  of  untreated  phage  in  acetate 
buffer  (control). 

Key;  (a)  l^i  of  surviving  phage  particles;  (b)  time  of  treatment 
(in  minutes). 


figure  2.  Induction  of  r-  and  h°-rautationo  of  T-2  pha  ;e  during 
treatment  with  hydroxylamino  ( pH  S.O,  60°)  and  when  treated  p..ugo 
is  kept  in  acetate  buffer  (number  of  mutants  to  surviving  phage 
.^articles). 

1  -  induction  of  r-mut&tlons ;  2  -  induction  of  h°-mutations; 
o  -  induction  of  r-mutations  during  maintenance  of  treated  .div;o 
in  uootate  buffer;  4  -  tests  on  r-mutants  during  maintenance  of  .  \ 

untro-.ted  phage  in  uoetato  buffer  (control).  i 

hey:  (u)  number  of  r-mutanta,  in/y/xlO“ty;  (b)  number  of  h° -mutants ,  | 

i.i/YV’hlO"®/*  (c)  time  of  treatment  (in  minutes).  1 
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-iii>  death  curve  Tor  ?«2  phage  (Piguro  1)  durir^  treatment  with 
hydroxylsmino  (60°)  was  multishoclc.  Howovor,  death  of  phu.gc  sac 
in  only  after  a  certain  interval  of  time,  'i'ho  number  of  hc-mu tents 
in  respect  to  surviving  increased  linearly  throughout  the  entire 
period  of  treatment,  while  the  induction  of  r-inutatiou.-.;  for  tula 
sumo  interval  of  time  followed  a  more  complex  dependence  (Fig.  2). 

During  the  calculation  of  mutagenic  activity  of  hydroxy lamina 
it  can  be  assumed  without  great  error  that  during  the  first  10 
minutes  of  treatment  the  rate  of  survival  comprised  100/i  and, 
consequently,  induction  -  the  increase  of  absolute  number  of  mutant 
forms  for  tnis  interval  of  time  -  can  bo  expressed  as  a  function 
of  dose  of  mutagen  -  timo  of  treatment.  The  time  of  treatment, 
equal  to  60  minutes,  made  up  the  conditional  unit  of  dose. 

Induction  of  both  r-  and  hc -mutations  at  60°  proceeded  at  a 
considerably  greater  rate  than  at  57°  (Figure  o). 

Another  peculiarity  of  the  process  of  nutatjLon  of  phage  at 
60°  was  the  considerably  greater  lability  of  the  r-system  in 
comparison  with  the  h-system. 


Figure  b.  Induction  of  r-  and  hc -mutations  of  T-2  phago  during 
treatment  with  hydroxylamlne  (pH  6.0,  60°)  (absolute  values). 

1  -  induction  of  r-mutations  (60°);  S  -  induction  of  r-mutati ons 
(67°)  (control)  j  b  -  induction  of  h°-mutatlons  (i'O0);  4  -  inunc¬ 
tion  of  hc-mutations  (b7°)  (oontrol);  o  -  tests  on  r-mutants 
(untreated  phage)  (control);  6  -  tests  on  h° -mutants  (untroutod 
pnugo)  (oontrol). 

Hoy:  (a)  average  numbor  of  r-wutants  per  dish,  m;  (b)  ..vorage 
numbor  of  h°-mutants  per  dish,  w;  (o)  Dose  of  mutagon,  h. 
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On  the  oasis  of  recombination  genetic  tests  it  is  proposed 
that  at  the  time  when  r  segments  on  the  genetic  mao  oi‘  ‘f-2  baeter- 
iophago  (rl,  rll,  rill)  have  a  quite  largo  extent,  me  h-locus  is 
considerably  smaller  in  size  (Shti’uy singer  and  Franklin,  1066). 
uinco  tho  action  of  hydroxylamino  on  i’-2  phage  h..a  is  accompanied 
only  by  u  change  in  hydroxymo thyloyt oa ine ,  then  the  difference  an 
the  sensitivity  of  the  two  Oonetic  areas,  which  was  noted  during 
treatment  of  mutagen  at  60°,  may  be  connected  with  their  various 
length  or  with  heterogeneity  on  pairs  of  bases  of  guanino-nydroxy- 
mothyl cytosine  (G-Iii.IC).  Sectors  of  Dlhv  with  accumulations  of  . irs 
of  c-iii.id  are  more  stubly  bound  and,  consequently,  should  bo  more 
resistant  to  heating.  Heating  up  to  SO0  alone  did  not  load  to  an 
increase  of  mutant  forms.  Therefore  mutagenesis  under  tnese  con¬ 
ditions  cannot  bo  explained,  taking  into  consideration  only  the 
possibilities  of  a  certain  depur inizati on  of  ih.'a  (Freese,  1959). 


It  was  shown  in  a  number  of  works  that  the  mutagenic  activity 
of  hydroxylamino  can  be  changed  if  extracellular  T-4  bacteriophage 
is  treated  (fchuoter  and  Vlelmettor,  1961),  and  also  the  hfA  of 
tobacco  mosaic  virus  (ichustor  and  wittman,  1965)  with  various 
.11  values  for  the  medium.  An  increase  in  the  induction  of  mutants 
was  also  observed  with  an  increase  in  the  concentration  of  hydroxyl - 
amine  (Freese  et  al.,  1961j  Froose  and  Straclc,  1962). 


according  to  the  arrangement  of  Vorwoord,  following  treatment 
of  cytosine  with  hydroxylamino  soveral  intermediate  reaction  product 
are  formed.  However,  up  to  now  it  is  unknown  which  of  tnese  phases 
is  tiic  ..lost  responsible  for  the  mutation  effect,  since  the  rates  of 
the  reactions  in  ouch  of  the  phases  have  boon  studied  little, 
based  on  certain  findings  (Schuster  and  Wittman,  1965,  Froi.sc,  1 96*1 ) 
both  ton  intermediate  reaction  products  and  also  tno  end  eom^ounu 
(uracil)  may  tako  up  the  function  of  thymine,  thus  onsuriif,  t.*c 
possibility  of  loculizod  mutation.  Hero  tho  initial  pair  of  J 
bases  convert  into  an  n-T  pair.  The  converted  cytosine  will  act 
as  an  analog  of  thymine  duo  to  tho  fact  that,  first  of  ml,  an  atom 
of  hydrogen  at  F-l  oun  form  ono  oond  with  tno  ii-i  of  aduniuc  (bus 
does  not  intoraot  storioally  with  tho  hydrogen  atom  i  *  OX  }  j 

anu,  secondly,  it  is  namely  tho  hydroxyl  h.iino-  or  koto-., roup  at 
tno  6th  carbon  atom. of  ohan.od  cytosine  which  can  servo  as  the 
-acceptor,  promoting  the  forma  .on  of  a  bond  v/itn  tno  ut;ino-_,orup 
of  adenine.  It  oan  be  assumed  that  tno  buoio  mutation  effect  of 
hydroxylamino  is  connected  with  tho  foivnation  of  uracil  or  thymine - 
liko  compounds,  sinoo  the  transition  of  otnor  intermediate  reaction 
products  into  rare  tautomeric,  thymine -like  forms  snoula  eo  con¬ 
nected  with  a  supplementary  expenditure  of  ~uor..y  for  tnoir  foi •mo¬ 
tion. 


fhe  ,oal  of  thi3  work  was  a  ohook  of  tae  correctness  of  this 
proposal.  .. j  studied  the  induction  of  r-.mutations  in  extracellular 
v-2  pna.  a  which  was  treated  v/ith  hydroxylamino  (s/7° )  for  a  brief 


interval  of  time  (5  hoars).  Then  we  traced  tne  endurance  oi'  phage 
Tor  several  hoars  in  an  acetate  bufi'er  (oh  5.0,  57°).  nased  on  the 
arrangement  of  tho  reaction  of  hydroxylamino  with  cytosine  at  a 
lew  -'.i  valuo  for  tho  medium  there  is  a  greater  formation  of  uracil. 
In  that  interval  of  time  wo  took  probes  Tor  an  analysis  oT  tne 
number  oT  activo  phage  particles  and  mutants.  Lemovul  of  mutagen 
was  achieved  by  18-hour  dialysis  in  running  water.  The  control 
v;us  phago,  which  during  the  same  interval  of  time  was  found  in  an 
accotato  buffer  (see  Pig.  5). 

Tho  rosuxta  of  the  teats  snowed  (Pic*  3)  that  survival  of 
hydroxylamino- treated  phage  (at  pH  8.0)  was  accompanied  by  an 
increase  in  tho  number  of  r-mutants.  At  the  same  time  in  a  con¬ 
trol  experiment  only  inactivation  of  phage  was  noted,  and  not  the 
induction  of  r-mutations. 

Conclusions 

\ 

1.  ^Treatment  of  extracellular  T-2  bacteriophage  with  hydroxyl¬ 
amino  at  t>0®£  led  to  an  increase  in  tho  rate  of  induction  of  r-  and 
h^j-mutants  in  connection  with  an  increase  in  tho  rate  of  the  reac¬ 
tion  of  hydroxylamine  with  hydroxymothylcytosino  in  phage  bi.h  due 

to  a  break  in  the  hydrogen  bond3  and  an  increase  in  tne  initial 
rate  of  tho  reaction, 

2.  ’The  different  increase  in  the  rato  of  mutation  in  r-  and 
h-0cnetic  loci  was  conditioned  by  the  heterogeneity  of  these  areas 
based  on  G-MhC  pairs  of  bases.  By  moans  of  the  selection  of  temper¬ 
ature  in  combination  with  treatment  by  mutagen,  it  is  probably 
possible  to  achieve  a  greater  selectivity  of  mutation. 

5,  The  change  in  tho  oourae  of  the  reaction  of  hydroxylamino 
with  eytosino  (hydroxymothylcytosino  in  D..A  of  T-2  phage)  to  tho 
side  of  formation  of  uracil  or  thymine-like  compounds,  which  to 
a  greater  degree  than  other  intermediate  compounds  may  be  respon¬ 
sible  for  mutation  changes,  led  to  an  increase  in  tne  rate  of 
induction  of  r-mutations. 
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